Background: Fast, effective, and rapid processing of central nervous system (CNS) tissue with good preservation of myelin, especially in tissue from diseased mice, is important to many laboratories studying neurosciences. New method: In this paper, we describe a new method to process and embed CNS tissue from mice. Spinal cords and optic nerves from naive C57BL/6 mice were used to standardize the microwave protocol following perfusion with fixative. The CNS tissue was processed and embedded using the microwave embedding protocol. Results: We observed that the tissue is well preserved and good quality light and electron microscope images were obtained after using the microwave embedding protocol. Comparison with existing methods: Traditional way of embedding CNS tissue in resin is challenging and time consuming. The microwave technology offers an efficient way to quickly embed CNS tissue while preserving morphology and retaining the integrity of the myelin. Conclusions: This new method is fast, reliable and an effective way to embed CNS tissue in resin.
1. To make 1000ml of perfusion buffer containing 2% paraformaldehyde and 2% glutaraldehyde, combine 335ml distilled water with 500ml 0.2M of phosphate buffer, 125ml of 16% paraformaldehyde solution and 40ml of 50% glutaraldehyde solution. 2. Prepare 500mM stock of sucrose solution by adding 17.12g sucrose to 100ml of distilled water. 3. Prepare 0.1M stock of sodium cacodylate buffer by diluting 0.2M sodium cacodylate buffer 1:1 with distilled water. 4. Prepare 100ml EM fixative by mixing 10ml of 500mM sucrose solution, 0.25g CaCl 2 , 50ml 0.1M sodium cacodylate buffer, 9.5ml 16% paraformaldehyde (final concentration 1.5%), 3ml 50% glutaraldehyde (final concentration 1.5%), and finally make the volume to 100ml (about 27.5ml) with distilled water. 5. Prepare 3% potassium ferrocyanide solution by diluting 5% potassium ferrocyanide 3:2 with distilled water. 6. Prepare 0.5% uranyl acetate solution by diluting 2% uranyl acetate 1:3 with distilled water. 7. For staining EM grids-Prepare 5% uranyl acetate (EMS, Hatfield, PA;
Cat. No. 22400) by weighing 1.6g and dissolve in 30ml of distilled water in a 50ml Falcon tube. Wrap in foil, vortex and let sit for about 10min until everything is dissolved. Centrifuge briefly and transfer to a 10ml syringe. Store at 4 C and protect solution from light. Reynold's Lead citrate solution-Dissolve 1.33g lead nitrate (EMS Hatfield, PA; Cat. No. 17900) and 1.76g sodium citrate (EMS Hatfield, PA; Cat. No. 21140) in 30ml of freshly boiled and cooled distilled water. Shake the solution intermittently for about 30 min (it should become milky). Add 5ml of 1N NaOH solution to the solution (the milkiness-will clear). pH the solution to 12 using a pH meter. Bring the total volume to 50ml with distilled water. Transfer to a syringe (Fisher Scientific, Waltham, MA). Use after filtering through a syringe filter (Fisher Scientific, Waltham, MA; Cat. No. 09-719-000). This solution can be stored at 4 C. The pH of this solution should be 12 for good staining results. The detailed method is provided at www.lecia-microsy stems.com.
Equipment
PELCO Biowave ® Pro þ Microwave Processing System (Ted Pella, Inc., Redding, CA; Cat. No. 36700) along with ColdSpot ® Pro, temperature probe, and vacuum chamber.
General Notes 1. All procedures on mice were approved by the Institutional Animal Care and Use Committee (IACUC) committee. Storage of chemicals and disposal of waste reported in this paper are according to the institutional guidelines. Before beginning, check institutional requirements for storage of chemicals, get permission for uranyl acetate use, waste collection and disposal. 2. Perform all steps in a chemical fume hood and use a common laboratory disposable surface protector. Small Petri dishes can be put inside large Petri dishes to avoid spills on the counter surface. 3. Use acetone from the squirt bottle to remove resin from gloves or other surfaces. 4. Wear lab coat, eye protection and two layers of gloves. 5. Put all waste (i.e. dirty gloves, Kim-wipes, etc.) in one of the 1000ml beakers, except when noted. 6. The day before processing, the tissue is transferred to EM fixative and left to sit overnight at room temperature. Additional fixation times may be required depending on tissue type. 7. Avoid bubbles in the solution or in Prep-Eze wells at all times during tissue processing. 8. Spurr's resin and other components should be used fresh as traces of moisture will hamper good results. 9. Print out specimen ids using appropriate font, cut them so that they fit into embedding molds and capsules.
Pre-processing instructions
1. Just prior to beginning the embedding procedure, the reagents can be mixed. Place one large Petri dish (150mm) on the weighing scale inside the chemical fume hood (reset scale to zero) and carefully add the resin ingredients to the beaker in the order specified in Table 1 . Use transfer pipettes to measure out DER736, DMAE, and DMP-30; the other ingredients can be poured slowly. Wet a Kimwipe with acetone and use it to wipe off the mouth of each bottle after pouring. Once all of the ingredients have been added, stir the resin mix with the tongue depressor and cover the beaker with parafilm. 2. Prepare the acetone/resin mixes in the glass vials. Add resin to the vials using a transfer pipette and pour acetone from the graduated cylinder. The resin and acetone can be added in either order. For the 3:1 mix, weigh out 5g of resin and measure 15ml of acetone using a graduated cylinder. For the 2:1 mix, use 6g of resin and 12ml of acetone. For the 1:1 mix, use 9g of resin and 9ml of acetone. Cap the scintillation vials and shake them. Remove the weigh balance from the fume hood when done.
3. Break the cotton swab applicator in half and shape one of the broken ends into a flat surface using a razor blade. Use the flat end of the stick to transfer tissue sections into the tissue holder, starting at one o'clock and ending at twelve o'clock or use a numbered mat. Note down the well number for each tissue ID. Use the stick to ensure that each section is pushed to the bottom of its well. 4. Put the small Petri dish containing the tissue holder into a large Petri dish and put the large Petri dish inside the vacuum chamber. Follow these instructions for each step of the processing. 5. Seal the lid tightly for each step of the processing for which there is a vacuum cycle (refer to Table 3 ). 6. Place the vacuum chamber on the cold plate and check that the vacuum tube is hooked up to the vacuum nozzle. Confirm that the water in the ColdSpot ® Pro has no air pockets and add water to the cold plate if necessary. 7. During each step throughout the processing, fill a small Petri dish with the solution for the following step. Before placing the tissue holder in the vacuum chamber, make sure that all of the tissue sections are pushed to the bottom of their wells. After each step throughout the processing, place the used Petri dishes in one of the 1000ml beakers, unless otherwise noted.
Tissue fixation
1. Fill one of the small Petri dishes about two-thirds with EM fixative.
Wet the bottom of a tissue holder with water (in order to break the surface tension of the fixative) before lowering it into the Petri dish. 2. On the microwave display, select the EM Fix Protocol, then "ready system", then "start" (Table 2) . 3. When the cycle is finished, transfer the tissue holder to another Petri dish filled with EM fixative and repeat the EM fix step. Dispose of the EM fixative in the waste container. 4. After running the EM fix step for the second time, transfer the tissue holder to a small Petri dish filled with cacodylate buffer.
2.6. Tissue processing 1. Set up and run the Processing Protocol. Please refer to steps in Table 3 . Repeat steps 1-3 twice. Please note: Steps 1,7,16* run 3 times; step 20# repeat 5-8 times as this may vary according to tissue size; steps 2-6 and 8-10 can be done in one dish thus no transferring in between steps. All steps with vacuum cycle will have the vacuum chamber shut tightly with the lid. The final resin polymerization step is done at 60-63 C in a regular vacuum oven (VWR).
2. After each of the cacodylate buffer steps, transfer the tissue holder to a Petri dish filled with fresh buffer and dispose of the old buffer in the waste bottle. 3. Use the ampoule cracker to break open an ampoule of osmium tetroxide. Pour its contents into a Petri dish. Place the balance inside the fume hood and use a transfer pipette to weigh out 5g of potassium ferrocyanide solution into the osmium tetroxide. Swirl the mixture, transfer the tissue holder to the Petri dish, place it in the vacuum chamber, seal the chamber, and continue the protocol. 4. After the osmium steps, transfer the tissue holder to distilled water and continue the protocol. Repeat the distilled water step twice (for a total of three times), using fresh distilled water each time. 5. Pour/pipette the osmium tetroxide/potassium ferrocyanide mixture into its waste bottle. Wash out the Petri dish three times with distilled water, dumping the water into the waste bottle each time. 6. After each of the distilled water wash steps, pour the water into the osmium waste bottle and use distilled water to wash out the Petri dishes three times, collecting the water in the waste bottle. 7. After the distilled water steps, transfer the tissue holder to uranyl acetate solution and continue the protocol. Transfer the used uranyl acetate solution into its waste bottle. Record the use in the uranyl acetate log when the dilution is made in accordance with institutional regulations. 8. Transfer the tissue holder to the acetone dilutions and run their steps in the following order: 20, 35, 50, 75, 95, and 100%. Repeat the 100% step twice (for a total of three times). Use a freshly opened bottle of acetone for the 100% acetone step. 9. Pour the used acetone dilutions into the acetone waste bottle after each step. 10. Transfer the tissue holder to the acetone/resin mixtures and run their steps in the following order: 3:1, 2:1, and 1:1. Take special care to make sure that each section is pushed to the bottom of its well on each step. 11. Fill the Petri dish up to two-thirds for the first resin step. Fill up the remaining (5-7) dishes at the beginning to ensure that you have enough resin mixture for all steps. Less amount of resin is needed for the subsequent steps. All the sections must be submerged in resin however avoid overfilling the resin as it will spill out after immersing the Prep-Eze. Transfer the tissue holder to the pure resin mixture and run the first resin step. Repeat the step for 5-8 times, using fresh resin mixture for each step. Between steps, lift the tissue holder and let the resin run off the holder into the dish from the previous step before transferring the holder to the next dish. After each step, stack the Petri dishes containing the resin mixture in a large Petri dish in the fume hood. The acetone/resin mixtures can be poured into their waste bottle for collection or polymerized before disposal. 12. During the resin steps, place capsules inside the capsule holder.
Cut out ID labels from the printout and put them inside the capsules (for spinal cords) or PELCO embedding molds (for optic nerves) using forceps. Fill the capsules and molds about two-thirds with resin using a transfer pipette. 13. When the last step of the microwave program is finished, transfer the sections to their corresponding capsules using the stick. Use the stick to gently position each section so that it is lying flat in the middle of the bottom of its capsule or against the end of the embedding mold. After all of the sections have been properly positioned, use a transfer pipette to top off each capsule with resin. 14. Place the capsule holder containing all of the capsules in the oven at 60-63 C. The next day, check whether polymerization is complete, by checking whether resin has hardened, before removing the capsules and molds. Allow at least 18 h for polymerization.
Cleanup
1. Pour about 100ml of acetone into a 400ml beaker, place the tissue holder inside, and swirl the acetone to clean the tissue holder. After a few minutes, transfer the tissue holder to 100ml of acetone in a different 400ml beaker and, again, swirl the acetone to clean the holder. Once the tissue holder is clean, place it on a paper towel in the fume hood to dry. Transfer the acetone/resin waste to its waste container, washing out the beaker a couple of times with acetone. 2. Used Petri dishes (except for the ones used in osmium, post-osmium wash -and uranyl acetate steps) can be washed and reused.
Sectioning of blocks
Remove the blocks from capsules using the capsule press. The blocks from PELCO embedding molds can be removed by twisting the mold. The blocks and molds are trimmed. Sections (500μm) are collected on slides for light microscopy. Sections for EM (70 nm) are collected on Nickel grids using Leica Ultramicrotome (EM UC7).
Toluidine blue staining for light microscopy
Prepare the toluidine blue solution by weighing out 2.5g toluidine blue, 2.5g sodium borate and combine with distilled water (make the volume up to 500ml). For staining, place a nickel-sized droplet of water on a slide and transfer about 5-6 tissue sections (500μm) to it and place the slide on a hot plate set at 165 C. Once the water droplet has completely evaporated, use a syringe to apply enough toluidine blue solution to cover the tissue sections. After 30-40s, use distilled water to rinse the toluidine blue off into a waste beaker. Place slide back on hot plate for at least 10 min to dry. Once the slide is completely dry, apply mountant (Cytoseal) and cover slip.
Grid staining for electron microscopy
Place a small piece of parafilm in two clean glass Petri dishes. In the first Petri dish, place one drop of 5% uranyl acetate for each grid to be stained on the parafilm piece. In the second Petri dish, place 3-4 NaOH pellets on the side and a drop of Reynold's lead citrate for each grid to be stained on the parafilm and cover with the Petri dish lid. Note down the orientation and IDs of the grids that are stained. Place the grid tissue-face Figure 1 . Microwave Pro þ arrangement near the chemical hood. Notice that the exhaust in vented into the chemical hood. down in 5% uranyl acetate solution droplets for 10min, then drip-wash grid with distilled water and dry on filter paper. Then place grids tissue face down on 3% Reynold's lead citrate for 5min. Drip-wash grids with distilled water, use filter paper to wick the water off without touching the section and dry on filter paper. Let grids dry for at least 30min face-up on filter paper before imaging. Collect and dispose solutions in accordance to guidelines.
Results
Nervous tissue needs special procedures due to high myelin content. In this paper, we provide a detailed protocol for embedding of murine CNS tissue samples using the Biowave ® Pro þ. The C57BL/6 mice were deeply anesthesized and perfused with 2% glutaraldehyde and 2% paraformaldehyde in phosphate buffer saline Dvorak, 1993, 1994) . The spinal cord and optic nerves were isolated around 24 hours post-perfusion. The optic nerves were dissected about 2mm behind the optic nerve head. Lumbar spinal cord sections (300-500 microns) were cut and used for embedding. The tissue was fixed and embedded using the microwave (Table 2, Figure 1 ). Resin mixture was prepared as described in Table 2 and the protocol used for microwave embedding is listed in Table 3 . Figure 2a shows spinal cord sections before beginning of the procedure and Figure 2b shows how the samples look after osmium fixation and while resin is being infiltrated. Finally, the resin is polymerized in an oven using flat-bed molds (optic nerves, Figure 3a ) and flat embedding capsules (spinal cord, Figure 3b ). After polymerization, the blocks are removed and sectioned for light and EM. ApoTome (Zeiss) was used for light microscopy (Figure 4 ). FEI Tecnai T12 transmission electron microscope with a 16Mpixel camera using AMT software (Advanced Microscopy Techniques Corp.) was used for EM imaging. Figure 5a , b shows EM images of spinal cord and optic nerves processed using the protocol described. Myelin sheath, cytoskeleton and organelles inside the axons are well preserved. The method described here in detail has also been used in other publications from our laboratory (Benedek et al., 2017; Hartley et al., 2019) .
Discussion
Microwave technology has been used for fixation, resin embedding, bone demineralization and immunolabeling of tissue (Boon and Kok, 1994; van Dorp et al., 1995; Leong and Sormunen, 1998; Tinling et al., 2004; Webster, 2007 Webster, , 2014 . The preservation of tissue along with speed of processing are the two main hurdles in resin embedding. Microwave processors address both these problems and improve efficiency. These machines are designed for tissue processing in research and diagnostic laboratories. Microwave processors have been used to process a variety of tissue including mouse liver (Webster, 2007) , hair cells from inner ear (Webster, 2014) , retina (Wendt et al., 2004) , clinical specimens like skeletal muscle and sural nerve (Austin, 2001) , and plant samples (Zechmann and Zellnig, 2009; Kuo, 2014) . CNS tissue is especially challenging to work with because of excessive amounts of myelin. We and other laboratories have used the traditional bench processing method of plastic embedding in the past (Chaudhary et al., 2011; Aharoni et al., 2011; Su et al., 2012; Recks et al., 2013) ; however the microwave technology assists in getting better preservation of fine structure and ultrastructural morphology while retaining myelin integrity ( Figure 5 , Benedek et al., 2017; Hartley et al., 2019) . Neurofilaments, the most abundant cytoskeletal component in axons, are well maintained in tissue processed using the microwave. This preservation of neurofilament is important to understand various neuropathologies. To our knowledge, this is the first detailed protocol for CNS tissue embedding using microwave processing ( Figure 5 ). The Ted Pella Biowave ® Pro þ microwave allows processing of multiple samples efficiently and decreases both the time to process and the amount of chemicals used. This equipment will soon become an indispensable part of all histology laboratories as it can be modified to meet the unique needs of any biological samples. The use of this novel technology is rapidly growing and this will provide critical knowledge in understanding cell biology processes.
Important steps
-Fixation preserves the tissue in its natural in vivo form -Tissue blocks should be cut to less than 1mm 3 in order to ensure good Spurr/Epon penetration -All reagents need to be measured accurately
Conclusion
We describe an efficient, fast, reproducible and simplified protocol to embed CNS tissue using the Biowave ® Pro þ. We have tested this protocol for embedding spinal cord, optic nerves and corpus callosum. This detailed protocol allows for preparation of resin embedded tissue from multiple samples in less time than conventional processing. Importantly, this protocol results in superior ultrastructural preservation and allows tissues to be used for visualization by both light and electron microscopy.
Declarations

